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SYNOPSIS ~n anchor slab retaining wall which stands seasonal overtopping floods was constructed 
in 1980 beside a river in the valley of Nanping, Fukien Province, China. Monitor measerments of its 
stresses and deformations were taken during the mean water level and flood seasons every year since 
its completion. The results of three years' observations and measurements proved that the wall is 
stable «gainst floods and the earth pressure is slightly higher than the designed value. 
INTRODUCTION 
Anchor slab retaining wall is a new t~pe of re-
taining structure, which was first suggested by 
Professor Z.J.Lu of the China Academy of Railway 
Sciences. The structure consists of prefabri-
cated face panels, tie-bars and anchor slabs 
embedded in earth fill. It maintains itself in 
equilibrium through soil-structure interaction. 
In comparison with masonry retaining walls, the 
anchor slab structure is very light and compar-
atively flexible. It is especially suitable to 
be adopted in regions of low bearing capacity. 
And, as compared with reinforced earth structu-
res, this new structure is better for protec-
tion against corrosion, adoptable to a wider 
range of soils, while it has the same advan-
tages of light weight and lower costs. 
The first anchor slab retaining wall was design-
ed and constructed in 1974 on a Chinese railway 
in Shansi Province. Several such structures 
have been built since then, and in 1978 some 
new type of bridge abutments with anchor slabs 
were designed and constructed. 
The anchor slab retaining wall as reported in 
this paper was designed by the authors in 1979. 
It is a river side structure which retains a 
sloping back fill that protects the water 
intake tower of the Nanping Paper Factory. The 
wall has a total length of 108m, as shown in 
Fig.1. Its height is 10m with a 1:2 sloping 
backfill up to 11.3m abov.e the top of the wall, 
as shown in Fig.2. 
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Fig.2 Section of retaining structure 
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The lower part of the wall was designed to act 
as an cofferdam at the beginning of construction 
period, and therefore it was built with concrete 
poured in place. The height of the cofferdam 
is 4m and its thickness 2m, with foundation on 
bed rock. 
Fig.3 A view of retaining structure 
During the back filling process tie-bars and 
anchor slabs were placed in the earth fill and 
were connected to the concrete cofferdam wall, 
so that it can be capable of resisting the earth 
pressure and becomes the lower part of the 
retaining wall. The upper part of the retaining 
wall consists of prefabricated rib-columns, 
panel slabs, tie-bars and anchor slabs, and were 
assembled as shown in Fig.2. The rib-columns 
are 6m high and are placed 2.5m center to center 
apart, with panel slabs in between them. The 
tie-bars are protected against corrosion by 
applying three coating of asphalt with fiber 
wrapping between each coating. 
MAIN FEATURES OF THE DESIGN 
1. Properties of the Backfill Soil 
Soils from the excavation of nearby natural 
slopes are used for backfill material behind the 
wall. They are mostly sandy clay containing 
small amount of broken rocks from alluvium depo-
sits and some are residual soils containing 
ferromanganese oxides of yellowish or brownish 
colors. The specific gravity of these soils 
range from 2. 68-2.75, with liquid limit 28.6-
35.4, plastic limit 18.5-21.4 and natural water 
content 26.6-44.0%. The backfill soils are 
placed successively in layers of 30cm thick, and 
each layer is compacted to 20cm thick with some 
light compaction equipments. The average dry 
density of these compacted backfill amounts to 
1.4 tons per cubic meter. 
In laboratory these soils are compacted to the 
same density as in the field, and then tested 
after 24 hours of curing period, The results of 
these tests are as follows: 
permeability k::9.04x1 o-6 ~ 1. 47x10-\m/sec 
coefficient of compressibility 
a=0.029 ....-o.084cm2/kg 
modulus of deformation 
EE>=24. 6- 60. 6kg/cm2 
consol~dated-undrained shear strength 
Ccu=0.02- 0,38 kg/cm2 
<f>cu=20·- 26. 5" 
2. Computation of Earth Pressure and Tension 
in Tie-bars 
Since there is a plateform(or step) between the 
upper and lower parts of the retaining wall~ the 
earth pressure on the lower part is much re~axed 
and smaller. Therefore, only the earth pressure 
and tension on the upper part of the wall will 
be discussed. The earth pressure was obtained 
by graphical solution according to Coulomb 
theory. Tension in the tie-bars was computed 
according to the principle of static equilibrium 
between the earth pressure and bar tension, In 
the computation, both the ordinary condition and 
the condition of sudden water level draw-down 
were considered. The results are as follows: 
l.) At the end of construction, adopt 
't = 1.8 tjm3, Ccu • 0.05 kgjm?; 
¢ cu = 22. ' s = 10., 
the graphic~l solution is shown in Fig.4 
from which ~t can be obtained that: 
earth pressure on each column, P=43't 
tension in upper tie-bar, T1=16.54t 
tension in lower tie-bar, T2=26.46t 
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2.) During the period when the water level draw-down suddenly, adopt 
rs=2.05t/m3 ' Ccu=0.025kg/cm2 
<fcu=zo·, 6 =10·, 
the results will be : 
earth pressure on each column, P=78.99t 
tension in upper tie-bar, T1=30.38t 
tension in lower tie-bar, Tz=48.61t 
Fig.4 
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Earth pressure computation 
3, Design of Structural Members 
Rib-columns of the anchor slab structure are 
acted upon by lateral earth pressure transmitt, 
from the panel slabs. The earth pressure is 
balanced by the tensile forces of tie-bars, 
which acts as support on the rib-column. Ther 
fore, rib-columns are designed as simplY 
supported beams whose main function is to sust 
bending moments. The computed forces of react 
on the supports gives the required tensile fore 
of tie-bars. 
Tie-bar is the main member which acts between 
the rib-column and the anchor slab to maintain 
equilibrium of the structure. The cross-sectio 
of each tie-bar is so designed as to be able t 
carry the computed tensile force within the 
limit of specified allowable stress of the 
material. 
I'he length of tie-bars is designed to extend 
less than a distance of 3,5B beyond the imagin 
ary line of rupture of active earth pressure, 
which B denotes the length of one side of the 
square anchor slab. The lengths of tie-bars 
should also fulfil the stability requirements 
the structure as is computed in accordance wit 
the method of Kranz, and the factor of safety 
against sliding should be no less than ?. 
The tensile force in each tie-bar is transmitt 
to its anchor slab, which is made of reinforce 
concrete and embedded in the backfill. The 
required.area of the anchor slab depends both 
the magn~tude of tensile force in the tie-bar 
and on the ultimate carrying capacity, which 
will be discussed in next paragraph. The re-
quired thickness and reinforcements are design 
as that of a bending member, with due consider 
ation of punching action on the slab. 
• Ultimate earrying Capacity of Anchor Slab 
'or many years, the ultimate carrying capacity 
f anchor slabs which are used in the construe-
ion of wharfs were designed according to the 
heory of passive earth pressure. Therefore, 
.he ultimate carrying capacity of these anchor 
1labs should be proportional to the square of 
;heir depth of embeddment. During the seventies, 
reely(1973), Ranjan(1974) and Das(1975, 1977) 
Lad proved respectively in their model tests 
;hat the carrying capacity of anchor slabs 
.ncreases with the 1. 7th"" 1. 9th power of depth 
:actor(ratio of embeddment depth to the height 
lf anchor slab). However, model tests had 
:evealed that there is a critical depth beyond 
~hich the carrying capacity will cease to 
.ncrease. Some engineers disagree to the 
:ritical depth, and believed that the carrying 
:apacity should continue to increase with depth. 
rherefore, a question was brought up whether 
~here is a critical depth and what the critical 
iepth will be. This leads to a series of in-
3itu pulling tests on anchor slabs. 
[n the period of 1977-1980, several groups of 
Ln-situ tes.t on anchor slabs were carried out at 
six different engineering sites, of which one 
group is carried out at site of this retaining 
wall in Nanping. The size of test anchor slabs 
is 1m square and 25cm thick. The depth of 
embeddment of the test slabs are 3m, 6m and 9m 
respectively. The load-displacement curves 
and test arrangements are as shown in Fig. 5. 
5lJ 
oL----~---2~--~~~.~~s~~6~~1~~s~~~~m~ 
;])isf/Qcemenis A {c"') 
Fig.5 Load-displacement curves for 
different embeddment depth 
Tensile loads were applied to the tie-bar in 
increments, and every increment of load was held 
constant until the displacement reached its 
stable value. 
In view of the fact that no excessive deforma-
tion should be allowed in an anchor slab struc-
ture, it has been decided that a displacement 
of 10cm should be taken as the criterion of 
ultimate bearing capacity. Despite the scatter-
ing of results, it can well be seen from the 
curves that the influence of depth is by far 
smaller than expected. The ultimate carrying 
capacity of. anchor slabs is no means proportion-
al to the square of its depth, nor does it 
increase linearly with depth. 
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The in-situ tests arrived at a conclusion that, 
within the range of embeddment depth from 3 to 
10m, the ultimate carrying capacity of anchor 
slabs is approximately 28.., 50 tons per square 
meter of the slab area. Therefore, the anchor 
slab for the upper tie-bar was designed to have 
an area of 1.2m x 1.2m, while the lower anchor 
slab has an area of 1.4m x 1.4m. In comparison 
with the computed tensile fore of tie bars, the 
carrying capacity of anchor slabs has a safety 
factor of 3 at the end of constrution, while it 
has a safety factor of 2 at the most unfavorable 
draw-down condition. 
At the end of construction, the saving on 
material is about 77% and saving on cost 44% as 
compared with the plan of masonry wall. 
FIELD MEASUREMENT AND ANALYSIS 
The Nanping retaining wall, being constructed 
beside a river in the valley, is affected by the 
large fluctuation of water level of the river in 
each flood season. In order to monitor the 
behavior and stability of the structure, 
tensiometers were welded on each tie-bar at 
sections No.53 and No.56, and settlement gages 
were also installed in the backfill at the 
elevation of tie-bars at these sections. A re-
ference line for displacement measurement has 
been established when the backfill was completed, 
so as to monitor the displacement of top and 
bottom of each rib-column from No.53 to No.63. 
Field measurement has been made once or twice 
each year since completion. 
The yearly mean water level is at the elevation 
of 61m to 62m while the highest flood water 
level in 1981 and 1982 reached the elevation of 
?1m and 76.8m( the highest in the last 30 years) 
respectively, which means that the water level 
had been 2.3m and 8.1m above the top of the 
retaining structure. The flood water level 
maintains usually for nearly a week. In 1983, 
the highest flood water level was near 71m. The 
structure has already withstood the overtopping 
flood for three successive years. Although the 
upper wall has undergone some displacement, the 
entire anchor slab structure is stable. No crack 
has been observed on the face panels. 
1. Displacement 
It can be seen from Fig.6 that the displacement 
of the upper wall has increased considerably 
during the 1st and 2nd flood season, but only 
slightly deforms for the 3rd flood. 
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Fig.6 Horizontal displacement of the 
top of columns 
The maximum displacement in 1981 was at No.58 
section with 34mm at top and 21mm at bottom 
whereas in 1982 the maximum displacement occurr-
ed at No.62 section with cumulative displacement 
of 246mm and 26mm at top and bottom of rib-
column. Evidently, the maximum displacement 
tends to occur at the corner of the downstream 
wall. It seems probable that this is due to the 
complicated boundary condition at the intersect-
ing corner and the turbulent action of the flood 
flow at that locality. The horizontal displace-
ment amounts 0.43--4.1% of the wall height, 
which is considerablly greater than that of 
ordinary gravity type retaining walls. 
2 •. Earth Pressure 
It can be seen from Fig.? that the tensile 
force acting in the upper tie-bar as measured 
by the tensiometers increased as the height of 
backfill went up, and reached the values shown 
in Fig. 7 after three flood seasons. 
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Fig.? Variation of measured forces 
with time 
The probable reasons for this increase are: 
1.) the consolidation of the backfill mate-
rial, which has produced a cumulative 
settlement of 610mm( about 2.8% of the 
backfill height) 
2.) the decrease in soil strength parameters 
due to the seasonal rising and drawdown 
of the water level. 
Comparison of the calculated and measured earth 
pressure per 2.5m panel of wall; 
Calculated 




* Top of backfill at ??.Om 
# Top of backfill at ?9.8m 
Measured 
49.67t (1980-8)* 
55.31t ( 1980-11)# 
?0.55t ( 1981-11) 
?3.06t 
(1983-10) 
The measured value of earth pressure at end of 
construction is 15 -30% larger than the 
calculated value. This is a common phenomena 
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observed in all this kind of anchor slab retain-
ing structures.. ·r.he measured and calculated 
values are closer after sudden drawdown condi tiel 
It can be seen from the measured results that 
the tensile forces acting in tie-bars are within 
the limit of allowable pulling capacity which is 
proposed to be 10 -15 tons per square meter of 
slab area for most soils. 
CONCLUSIONS 
1. After three successive years of overtopping 
flood, the Nanping anchor slab retaining 
structure is stable and in good condition. 
The tension in tie-bars is within the allow-
able design limit. It is proved that this 
new type retaining structure can be used 
safely even for the condition of flood. 
2. Pull-out tests indicate that the pulling 
capacity of anchor slabs does not increase 
with the depth of embeddment as usually 
expected. It is suggested that for anchor 
slabs with embeddment depth of 3-10m, a 
value of 10-15t/m2 may be used for design wi1 
ample factor of safety. 
3. In comparision with gravity type retaining 
walls, the anchor slab retaining structure 
has the advantage of light weight, saving on 
material and lower cost. 
4. The effect of infiltrating water during fl001 
on the properties of backfill material and 
the calculation of earth pressure for this 
type of retaining structure with sloping 
backfill are problems yet to be studied • 
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